Introduction
============

Loss of muscle strength and skeletal muscle mass due to aging, known as sarcopenia, generates disability, increased morbimortality, and prolonged hospitilization.[@b1-cia-9-1873] Loss of walking ability due to bedridden condition is common in the hospitalized frail elderly for several reasons. In many cases, the ability to walk was poor previously, so their functional condition is aggravated. This is a frequent reason for consultations for rehabilitation facilities, especially in intermediate hospitalization centers.

Often, physical function assessment in these patients is very difficult because they do not understand the exploratory maneuvers due to cognitive impairment or confusion. So we need simple assessment tools to obtain objective information about their physical condition in order to design the best rehabilitative plan within the shortest possible inpatient time. There are no studies about a rational and easy assessment of physical function in frail elderly inpatients.

There is a well-established relationship between upper and lower limb strength and grip strength, specifically between grip strength and hip and knee muscle strength in the adult population.[@b2-cia-9-1873],[@b3-cia-9-1873] Asking a patient to exercise grip strength is relatively easy as it is an intuitive action with good motivational interest that can be done at the patient's bedside, and even with a limited level of comprehension.

From this assumption the authors propose that the present study aimed to assess the clinical effectiveness of grip strength as a tool for the assessment of muscle strength and thus as a predictive measure of gait recovery of hospitalized frail elderly patients.

Materials and methods
=====================

A prospective study was carried out with 77 consecutive hospital inpatients of geriatric age in a medium- and long-term unit (from La Fe Hospital in Valencia, Spain) admitted for decompensated chronic pathology or acute disabling pathology with loss of walking ability. Clinical instability and terminal condition states were considered as the exclusion criteria.

Patients were enrolled between October 2011 and September 2013. The average bedridden time was 17 days.

Causes of ambulation loss were, in descending order, pulmonary or cardiac pathology decompensation (26.6%), infectious processes (24.1%), and neoplastic processes (12.7%).

Training was adapted to the patient's physical conditions in sessions of three times a week for 30--45 minutes per session. It included archway joint exercises, limb strengthening exercises, standing balance exercises, and gait training re-education with walking aid assistance. In the most favorable cases, aerobic indoor training was included with a bicycle ergometer.

Patients were assessed at the beginning and reassessed once they had reached the ambulation level indoors or after they had completed a 4 week training period independently of the functional outcome. All patients were evaluated by the same researcher. All subjects gave written informed consent.

Of the 77 initial patients, 50 completed the study. Reasons for abandonment were medical causes (47.8%) as clinical deterioration or death, and social reasons: transfer to a residence, early discharge without completed training, and voluntary discharge.

The mean age of this sample was 81.6 years (65--95 years), and it was homogeneous in terms of sex distribution (25 males, 25 females).

Assessment methods
------------------

-   Mean manual muscle test (MMT)[@b4-cia-9-1873] of scapular and pelvic waists. Tested muscles were: shoulder abduction muscles, elbow flexion and extension muscles, hip flexion and abduction muscles, and knee extension muscles of both upper and lower limbs.

-   Manual passive joint arch exam of upper and lower limbs in order to assess restrictions with a possible impact on gait training.

-   Hand grip strength was measured with a hydraulic hand dynamometer (Baseline^®^ measurements; Fabrication Enterprises Inc, Elmsford, NY, USA) according to the standard protocol, which employs the mean of three strength tests as the resultant score for both hands. For each grip strength test, the subject was seated or placed in a semi-seated position (according to the patient's clinical conditions) with shoulder adducted and neutrally rotated, elbow flexed at 90°, forearm in a neutral position, and wrist between 0° and 30° dorsiflexion and between 0° and 15° ulnar deviation.

-   Walking was assessed according to the following scales: functional ambulation categories (FAC)[@b5-cia-9-1873] and Functional Classification of Sagunto Hospital Ambulation (CFMHS in Spanish).[@b6-cia-9-1873]

-   Assessment of cognitive impairment as a confounding variable by the Pfeiffer Short Portable Mental Status.[@b7-cia-9-1873],[@b8-cia-9-1873]

-   Recording comorbidity factors through the abbreviated Charlson index.[@b9-cia-9-1873]

Statistical analysis
--------------------

-   Simple comparison analyses and mixed models analyses were applied. For each variable, the entry criteria was *P*"0.05.

-   A Wilcoxon test was used to compare paired samples before and after treatment.

-   Multivariable ordinal regression was used to assess the relationship between response variables (CFMHS scale, FAC scale, and muscle limb strength) and grip strength as a predictor variable.

All the analyses were performed with R software (version 2.15.3).

Results
=======

The sample with 50 patients who completed the study exhibited age-appropriate joint mobility (91.8% without restrictions in upper limbs; 77.2% without significant restrictions in lower limbs). As shown in [Table 1](#t1-cia-9-1873){ref-type="table"} they displayed muscle weakness, which was greater in pelvic muscles than in scapular muscles. The mean grip strength values were similar between upper limbs. In disability terms, patients were in a bedridden condition. Regarding the comorbidity index, 22.9% of the sample (eleven patients) had no comorbidity (0--1 points in the Charlson index), 35.4% (17 patients) displayed a low degree of comorbidity (2 points) and 41.7% (20 patients) exhibited a high degree of comorbidity (≥3 points). Of all the patients, 42.9% presented with cognitive impairment according to the Pfeiffer test.

Wilcoxon test results
---------------------

The mean values, standard deviations (in parentheses), median values, and interquartile ranges (in parentheses) reflect muscle strength in the scapular and pelvic waists, grip strength and walking ability before and after treatment, as well as statistical significance ([Table 1](#t1-cia-9-1873){ref-type="table"}).

As shown, the scapular and pelvic muscle strength values were higher in the second assessment than in the first one. Likewise, walking ability improved with training as shown by the FAC and CFMHS scales. The Wilcoxon test supports that the differences between the pre- and post-treatments for muscle strength and walking ability are statistically significant (*P*"0.001).

Multivariable ordinal regression complex contrasts
--------------------------------------------------

The multiple ordinal regression analysis ([Table 2](#t2-cia-9-1873){ref-type="table"}) confirms a statistically significant association between grip strength and both muscle scapular strength (*P*"0.001, odds ratio \[OR\] =1.52 of being in a higher category per 1 kg increase in grip strength) and pelvic waist strength (*P*=0.002, OR =1.16 of being in a higher category per 1 kg increase in grip strength) at the baseline of the study.

A statistically significant relationship was also found pre-treatment between grip strength (right or left) and walking ability on both the FAC (*P*=0.009, OR =1.14 of being in a higher category per 1 kg increase in grip strength) and CFMHS scales (*P*=0.014, OR =1.13 of being in a higher category per 1 kg increase in grip strength). We also assessed whether higher grip strength values were associated with better improvement in the FAC and CFMHS scales after training. We found that higher baseline grip strength showed a trend, although not statistically significant, to a better recovery after treatment on the FAC scale (*P*=0.08, OR =1.08), and also on the CFMHS scale (*P*=0.12, OR =1.07).

At the same time, cognitive impairment and comorbidity degree variables showed no significant statistical influence on the ambulation training results (*P*-value =0.25 for the Charlson index and *P*-value =0.60 for cognitive impairment).

Discussion
==========

We found that the frail elderly population of our study, with loss of walking ability due to clinical intercurrences, shows generalized weakness in all four limbs and diminished physical fitness. This condition is known as sarcopenia according to the European Consensus Group.[@b10-cia-9-1873] Weakness is slightly greater in the lower limbs than in the upper limbs (scapular/pelvic rate: 0.91). Grip strength, pelvic waist strength, scapular waist strength and walking ability improved significantly after treatment. Greater grip strength (right or left) values at baseline are associated with higher walking ability values according to the CFMHS and FAC scales, showing statistical significance (Wilcoxon test: *P*"0.001). Several authors accept that grip strength is related to lower limb strength and walking ability and gait speed are related to quadriceps extension strength[@b11-cia-9-1873]--[@b13-cia-9-1873] and that grip strength is related to lower limb strength. Our results prove this conclusion that grip and walking ability may be correlated.

The association between grip strength and FAC and CFMHS scales already existed before treatment and higher baseline grip strength shows a trend toward a better recovery after treatment, although not statistically significant. So those patients presenting with better grip strength at baseline obtained a higher score on the initial FAC and CFMHS scales and, logically, also after treatment. These differences in the relationships between both scales with grip strength can be explained by there being no direct relationship between deficiency (strength) and disability (walking ability). Therefore, the ordinal levels of each scale are not exactly the same between each other.

Bohannon considers that the grip strength measurement correlates with lower limb strength, and that it is a logical construct in a healthy adult population[@b14-cia-9-1873] and quadriceps strength in patients receiving physiotherapy,[@b2-cia-9-1873] or as a disability predictor in aged populations.[@b15-cia-9-1873] Our results agree with this construct because our sample has revealed a statistically significant association between grip strength and scapular and pelvic waist strength (*P*"0.001) at the baseline of the study.

Assessment of physical condition in these cases is very difficult, so we chose a simple but objective assessment tool to obtain information about their physical condition[@b16-cia-9-1873] in order to design the best rehabilitative plan within the shortest possible inpatient time.

Based on our results, it can be inferred that physicians could use grip strength assessments to learn about lower limb strength in frail elderly inpatients who find it difficult to do the maximum muscle contractions as a measurement of MMT to establish physical training plans and to predict their future walking ability.

In functional terms, after treatment, patients shift from a non-walking situation to an indoors walking situation. Although this situation does not permit independent walking ability, it can mean a significant change to primary caregivers and the family. These results support the effectiveness of physical therapy in frail elderly populations to re-establish minimum walking ability which, according to previous studies, makes the return to home after hospital admission easier.[@b17-cia-9-1873]--[@b19-cia-9-1873]

In our study, cognitive impairment and degree of comorbidity has no statistically significant influence on the ambulation training results. One meta-analysis has proven that the result of rehabilitative treatment after hip surgery is influenced by the existence of cognitive impairment.[@b20-cia-9-1873] Yet a systematic review by Tappendien et al proved that functional results are similar between the non-deteriorated population and those with mild or moderate dementia,[@b21-cia-9-1873] which is in accordance with our results. The Charlson index establishes the degree of comorbidity with a predictive value for short-term and long-term mortality. We considered the functional result to be a confounding variable because it reflects the degree of frailty of the elderly, as well as any possible clinical complications that may interfere with gait training. Our sample showed no significant influence (*P*-value =0.81), which could be due to the short monitoring time of our sample and the patients' clinical stability condition to tolerate the physiotherapy session.

We think that the originality of our study is to demonstrate the usefulness of a single measurement system for frail elderly inpatient, whose physical and cognitive conditions make it quite difficult assessing physical function. The limitation of our study is the loss of patients due to various reasons, reducing statistical power. We believe that continuing this research line will strengthen these results.

Conclusion
==========

Grip strength assessed by hydraulic dynamometry is associated with walking ability in the hospitalized frail elderly and serves as a prognostic factor in the ability to walk.

The grip strength assessment by hydraulic dynamometry is useful in patients with poor collaboration due to cognitive impairment and varying degrees of comorbidity.

Physical therapy is useful in ambulation training for frail elderly inpatients, even with cognitive impairment and comorbidity.
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###### 

Wilcoxon test results

                   Scapular MMT   Pelvic MMT    Right grip (kg)   Left grip (kg)   FAC           CFMHS
  ---------------- -------------- ------------- ----------------- ---------------- ------------- -------------
  Pre-treatment                                                                                  
   Mean (SD)       4.22 (0.65)    3.82 (0.85)   11.98 (6.12)      11.70 (5.90)     0.74 (1.02)   0.56 (0.76)
   Median (IQR)    4 (4--5)       4 (3--4)      10 (9--15)        10 (8--15)       0 (0--1.75)   0 (0--1)
  Post-treatment                                                                                 
   Mean (SD)       4.62 (0.53)    4.29 (0.76)   13.19 (6.88)      12.83 (5.95)     2.60 (1.07)   1.90 (0.84)
   Median (IQR)    5 (4--5)       4 (4--5)      12 (9--17)        13 (8--17)       3 (2--3)      2 (1.25--2)
  Change                                                                                         
   Mean            0.40           0.45          1.87              1.39             1.86          1.34
   Pseudo-median   0              1             1                 1                2             1
  Significance     0.001          0.005         0.33              0.25             "0.001        "0.001
  95% CI           \[0, 1\]       \[0, 1\]      \[−1, 3\]         \[−1, 4\]        \[2, 3\]      \[1, 2\]

**Notes:** Mean values and median statistical values (in parentheses) reflect muscle strength in the scapular and pelvic waists, grip strength and walking ability before and after treatment, as well as statistical significance.

**Abbreviations:** MMT, manual muscle test; FAC, functional ambulation categories; CFMHS, CFMHS Classification of Sagunto Hospital Ambulation (Spanish); SD, standard deviation; IQR, interquartile range; CI, confidence interval.

###### 

Multivariate ordinal regression complex contrasts

  -------------------------------------------------------------
         Scapular MMT   Pelvic MMT   FAC          CFMHS
  ------ -------------- ------------ ------------ -------------
  Grip   *P*"0.001\     *P*"0.002\   *P*"0.009\   *P*"0.0014\
         OR 1.52        OR 1.16      OR 1.14      1.113

  -------------------------------------------------------------

**Abbreviations:** MMT, manual muscle test; FAC, functional ambulation categories; CFMHS, CFMHS Classification of Sagunto Hospital Ambulation (Spanish); OR, odds ratio.
